Introduction
Prunus armeniaca Vulgaris L., widely known as apricot, is originally from China but arrived in Europe via Armenia where it has long been cultivated. It is an edible fruit mainly grown in Mediterranean climates 1 . In Tunisia, two species of apricot plant coexist, i.e. wild variety Bargougs bitter kernel apricot propagated by seeds and grafted cultivars sweet and semi-sweet kernel apricots .
Bargougs are an integral part of the oasis cropping system 2 .
However, sweet and semi-sweet apricots cultivated in Testour Northern Tunisia are propagated by grafting and are favorable only in these conditions 2 . The cohabitation of plant materials propagated by grafting and seedling contributes to providing high heterogeneity 2 . Krichen et al. 3 demonstrated that in the case of grafted cultivars and Bargougs accessions, Tunisian apricot phylogeographical study showed a high genomic variability covering many regions of the country. Furthermore, genetically analyses glycerol backbone which are esterified two fatty acids FAs on sn-1 and sn-2 positions and a polar head group with phosphate esterified at the sn-3 position to which a base, polyol, or amino acid is attached 11 . Furthermore, GPLs can contain a different association and distribution of fatty acid esters, which this concomitant to significant distinct GPLs 11 . The overused GPLs classes of vegetable oils are phosphatidylcholine PC , phosphatidylethanolamine PE , phosphatidylglycerol PG , phosphatidylinositol PI , phosphatidic acid PA and lysophosphatidylcholine LPC . They are synthesized via potential biosynthetic pathways Fig. 1 10 . The classification of GPLs class is focused on molecules that have the same head group with different chain length and position of esterified fatty acids 9 . The reason for such diversity is seemingly relates to their multiple functions.
In the literature, various methods have been reported for the monitoring of individual molecular species of phospholipids such as gas chromatography-mass spectrometry performance GC-MS 12 . Analysis of high-performance liquid chromatography 13 , high liquid chromatography-mass spectrometry HPLC-MS 14 , and supercritical fluid chromatography-mass spectrometry SFC-MS 15 . Lately, Shrivas and Tapadia 16 employed matrix-assisted laser desorption time of flight MALDI-TOF-MS to analyze PLs in different types of samples. In MALDI-MS, the selection of a proper matrix is a very critical concern because of the preference of the matrix to ionize the particular type of analyte 16 . Nowadays, MS detection allows in-depth characterization and precise quantification of PLs in different oil- In the present work, hydrophilic interaction liquid chromatography HILIC coupled with electrospray ionization mass spectrometry ESI-MS was employed enabling the lipid class separation according to polarity like GPLs. This methodology offers some advantages over other liquid chromatography methods, since HILIC is more suitable with electrospray ionization compared to normal phase methods and resulted in higher sensitivity and improved peak shapes 17 . As a result, HILIC-HPLC was considered as a strong and a robust method suitable for the identification and quantification of large number of phospholipids in olive oil 17 . Furthermore, this analytical method was successfully used to detect the loss in phospholipids in virgin olive oil 17 .
Notwithstanding, apricot oil PLs have been poorly studied. Presently, the phospholipid composition of apricot oil has been reported, and many classes were identified: firstly, by fractionation of phospholipids on thin-layer chromatography TLC 5 , spectrophotometrically fractionation by twodirectional thin layer chromatography 7 and nonaqueous capillary electrophoresis NACE 6 . Based on the progress achieved in lipids identification by mass spectrometry, we attempt to detect, identify and quantify different GPLs molecular species in Tunisian apricot oils from three genetically different cultivars and especially focused on two significant time-dates immature and full maturity stages.
Materials and Methods

Reagents and standard
HPLC grade solvents and chemical were purchased from Baker Deventer, the Netherlands and were used without further purification. Phospholipid standards PC, PE, PG, PI, PA, LPC acquired from Sigma -Aldrich Madrid, Spain .
Plant materials
Three 
Lipid extraction
The total lipids were extracted by the method of Folch 18 and modified by Bligh & Dyer 19 . Kernels 2.5 g were washed with boiling water for 5 min to denature the phospholipases 20 and then crushed in a mortar with a mixture of CHCl 3 -MeOH 2:1 V/V . The fixing water was added, and the homogenate was centrifuged at 3000 g for 15 min. The lower organic phase containing the total lipids was kept and dried under a stream of nitrogen.
Analysis of fatty acid composition by GC-FID
The fatty acid composition of the seed oil was determined by gas chromatography of fatty acid methyl esters. Fatty acid methyl esters were prepared by simultaneous extraction and methylation following the procedure described by Mectalfe 21 modified by Lechvallier 22 . Fatty acid methyl esters were analyzed by gas chromatography GC using a HP 4890 chromatograph equipped with a flame ionisation detector FID on a capillary column coated with Supelco Sigma-Aldrich, Taufkirchen, Germany 30 m length, 0.25 mm id, 0.2 lm film thickness . Column temperature was programmed from 150 to 200 with 4 / min. Temperatures of detector and auto injector were 250 and 230 , respectively. H2 was used as a carrier gas with a flow rate of 7 ml/min. The fatty acids were identified by comparison of their retention times with those of standards. The quantitative evaluation was carried out on the base of gas chromatography peak areas of the different methyl esters.
Phospholipids extraction
The phospholipids were extracted as reported by Xiong 17 . Briefly, 200 mg of apricot oil was dissolved in 1 mL CHCL-MeOH 2:1 V/V mixture and then evaporated. 500 µL of the mobile phase was added 92/8 acetonitrile/125 mM ammonium formate pH 3.0 A and 10 mM ammonium formate dissolved in water with 0.2 formic acid pH 3.0 B . The homogenate was centrifuged at 3000 g for 15 min. Finally, 100 µL of the supernatant was dissolved in 900 µL of the mobile phase, homogenated and injected 10 µL into the HPLC apparatus.
HPLC and HPLC-MS
LC-MS experiments were performed using a method described in detail elsewhere 17, 23 17, 23 . The injection volume was 5 µL and the flow rate was 200 µL/min. MS analysis of phospholipids was performed using ESI in the negative and positive modes. We used nitrogen as sheath gas, ion sweep gas and auxiliary gas. The instrumental settings were as follows: spray voltage 4000 V, sheath gas flow rate 10; ion sweep gas flow rate 2; auxiliary gas flow rate 5 arbitrary units and ion source temperature 200 . XCalibur software was used for data acquisition and analysis. Relative concentrations of each phospholipids class and species were estimated using peak areas of extracted ion chromatograms EIC . Identification of phospholipids was done by comparing of their chromatographic retention times with those of standard compounds. Quantification of the different molecular species within each phospholipid class was carried out by obtaining the peak areas for the individual extracted ion chromatograms 24 . The exact masses of 43 molecular species of parental ions, MS-MS fragments of each GPLs class are found in Table 3 .
Statistical analysis
The statistical analysis was performed by using the Proc ANOVA in SAS software version 8 . Duncan s multiple range test was used. All measurements were made after triplicate extraction and each extraction was injected five times.
Results and Discussion
Oil yields
Oil contents of our three-apricot species are given in Table 1 . Table 1 shows also the percentage of the total oil content and total phospholipids content in the apricot oil and expressed on the total lipid and on dry weight. Results showed that oil content of apricot species varied from 20.5 to 31.5 respectively from bitter and sweet apricot at immature stage. At full maturity, the maximums were reached from 39.7 to 50.5 of oils respectively in bitter and sweet ones. Bitter and sweet apricot had relatively high seed-oil content. Comparatively, the oil content of other oilseeds plants soybean, safflower, sesame and sunflower ranged from 19 to 49 9 .
Furthermore, the fatty acid content of the three apricot varieties is shown in Table 2 . Significant differences p 0.05 in fatty acid composition of apricot oil were observed between the three species. Apricot oils were characterized by a high level of total unsaturated fatty acids UFAs accounting for 85.72 , 82.43 and 82.08 of total lipids in bitter, sweet and semi-sweet apricot, respectively Table  2 . Saturated fatty acids SFAs are less abundant than UFAs with only 7.62 , 7.09 and 6.24 of bitter, semisweet and sweet apricot, respectively Table 2 . Oleic acid C18:1 was the most predominant fatty acid contributing to a maximum of 61.87 reached in bitter one, followed by linoleic acid C18:2 as 38.64 and palmitic acid C16:0 as 6.79 Table 2 . Recent studies confirmed that the quality of the oil depends on the number of unsaturation present in fatty acids chain. This property is related to its benefits such as cardiovascular diseases and cholesterol reduction 9 .
Our results Table 2 showed less amounts of very long chain unsaturated fatty acid 20 carbon atoms, arachidic C20:0 and gadoleic acids C20:1 attempting to 0.09 and 0.08 in bitter species Table 2 . Khotimchenko et al. 25 reported that the lipid and fatty acid composition and content are affected by the type of species, genetic differences, habitat conditions, season, and locations. In our study Table 2 , regardless of biotope and maturity stage, quantitative and qualitative differences in fatty acid composition in the three apricot cultivars can be attributed basically to the genetic difference relating to the species. The values are the mean of three replicates±standard deviation. Means followed by different letters in the same row denote that they are significantly different at p < 0.05. DAP: days after podding; AprB: wild apricot; AprC: sweet apricot; AprO: semi-sweet apricot; DW: dry weight, PL: phospholipids. Table 1 shows the percentage of total phospholipids PLs content in the apricot oil and expressed on the total lipid and on dry weight. Comparatively to oil contents, PLs results showed the content varied from 12 to 23 respectively from bitter and sweet apricot at immature stage. It varied from 7.8 to 16.5 on a dry weight DW at immature stage and 1.1 to 1.3 on a dry weight at full maturity one. Interestingly, at immature stage, bitter apricot represents the richest cultivars on total lipids and PLs contents, whereas at full maturity, sweet one represents the interesting cultivars. During these two time-dates, PLs percentages show a continuous decrease, whereas, the oil content increases significantly and reached a maximum of 50 especially in sweet apricot. This decrease during apricot s seed development suggests higher relative proportions of membrane components in immature seeds than in mature seeds. Herchi et al. 26 indicates that the role of biosynthesized PLs in immature seeds is related to the formation of biological membranes and triacylglycerols constitution. PLs contents in the three apricot cultivars were higher than those reported by Zlatanov and Janakieva 7 in apricot on oil and on dry weight and also in corn oil 0.1 to 0.3 on dry weight 24 and in flaxseed oil 1.8 to 2.5 of the total lipids 26 .
Phospholipid content
Separation of glycerophospholipid classes and their different molecular species
The used method allows the quantification of six lipid classes using relative abundances of specific ions in the negative ion ESI mass spectra. The relative abundance of the different observed GPLs classes is reported in Table 3 . Figure 2 shows six well-separated glycerophospholipids classes phosphatidylglycerol PG , phosphatidic acid PA , phosphatidylethanolamine PE , phosphatidylinositol PI , phosphatidylcholine PC and lysophosphatidylcholine LPC . For each chromatographic peak, the mass spectra of PG, PA, PI and PE show ions corresponding to molecular proton M-H ion adducts. However, the mass spectra of PC and LPC show ions corresponding to carboxylate M HCOO ion adducts. The adduction results for PE species with M-H ion at m/z 744, two dominant fragment ions with m/z 283 and 281, confirming the presence of stearic C18:0 and oleic C18:1 fatty acids respectively. As well as, the PE species with m/z 738 gave three major fragments with m/z 279 more intense , 281 and 277 and indicates that the same fatty acid chain linoleic acid C18:2 is present at both sn-1 and sn-2 position of the phospholipids. However, in PC species with M HCOO ion at m/z 830 results three dominant fragment ions with m/z 279, 283 and 281 more intense corresponding respectively to linoleic C18:2 , stearic C18:0 and oleic C18:1 fatty acids. Additionally, LPC species with an M HCOO ion at m/z 540 gave only one carboxylate anion with m/z 255 corresponding to palmitic C16:0 fatty acid chain. By this analogy, the different fatty acid chains were identified among the various classes of PLs species present in apricot oil.
Results in Table 1 show significant differences p 0.05 in PA, PG, PE, PI, PC and LPC contents of the three apricot varieties. The differences in catalyzing enzymes activities of PL s biosynthesis could explain the various abundance of PLs classes in the three plants. In immature stage, the main PLs classes in our apricot oil varieties were PC, PE and PI accounting respectively for 44.4-62. 4 of total PL , 1.7 -25. 4 of total PL and 9.9-22.3 of total PL Table 1 . At full maturity, the levels of PC, PE and PI changed respectively at 38.6 -62. 2 of total PL , 6.3 -15.5 of total PL and 8.3-38.9 of total PL and still the major compounds in GPLs fraction of apricot oils. PC was overabundant GPLs class in both seed oils, amounting at full maturity more than 62.2 , 55.9 and 38.6 of total GPLs content in sweet, semi-sweet and bitter apricot respectively. LPC 2.1-7.2 , PA 1.2-2.2 and PG 6.2-9. 8 were found to be present in low concentrations in the three cultivars. The seeds collected at the same stage of maturity have quite homogenous PL classes predominance instead the genetical differences between the three species. However, profiles of PA, PG, PE, PI, PC and LPC molecular species were significantly different p 0.05 between the three cultivars during maturity The values are the mean of three replicates±standard deviation. Means followed by different letters in the same row denote that they are significantly different at p < 0.05. AprB: wild apricot; AprC: sweet apricot; AprO: semi-sweet apricot; DW: dry weight.
three cultivars are listed in as the major ones in semi-sweet apricot too Tables 3 and 4 . As a result, at this time date, bitter apricot was the richest p 0.05 variety in PG fraction with a value of 9.8 comparatively to 6.2 and 7.5 in semisweet and sweet ones respectively Table 1 . Given those results, we suggest that at immature stage, fatty acids as stearic C18:0 , oleic C18:1 and linolenic C18:3 are the predominant in PG apricot oil. Whereas, at maturity, palmitic C16:0 , oleic C18:1 and linoleic C18:2 fatty acids are the major ones which is confirmed by Table 2 and according our results founded in apricot fatty acids composition Table 2 . During maturity, we observed differences in content accumulation of major molecular species of PG on the three varieties which can be explained by genetical and biotope differences.
Phosphatidic acid PA
The membrane lipid biosynthesis cycle needs the presence of phosphatidic acid or PA which lead cell multiplication and signal transduction 9 . The pretreatment with PA-rich diets may prevent several ulcers 28 . In bitter apricot and at immature stage, PA fraction revealed four molecular species m/z 669, 671, 695 and 697 Table 3 with PA C16:0C18:3 as predominant species 45 Table 4 . However, sweet and semi-sweet apricots revealed respectively five and three molecular species of PA with also a predominance of PA C18:0C18:3 specie 29 Table 4 in sweet apricot and 33 in semi-sweet one Table 4 . At full maturity, bitter apricot revealed three molecular species of PA with the same predominance of PA C16:0C18:3 30.7 Table 4 . As for as semi-sweet apricot, the results revealed three molecular species with a predominance of PA C16:0C18: 3 29 . Furthermore, in sweet apricot, the PA C16:0C18:3 species was also dominant with a percentage of 32.5 Table 4 . Table 1 show that the content of the three varieties on PA do not exceed 11 and 2 at immature and full maturity stages respectively. PA in apricot oil was less abundant than in other oilseeds such as sunflower 46 and almond 45 oils 9 .
Contrary to PG classes and during maturity, the three varieties show the same predominant molecular species with different content apricot. Kuiper 29 proved that the variations in PA content are essentially due to the temperature variations. Other authors have suggested that PA is a minor component and its content increase speedily in response to cell stimulation 9 . In fact, the PA classes serves as a precursor in the biosynthetic pathways of phospholipids 10 .
Phosphatidylinositol PI
Phosphatidylinositol or PI is a metabolic precursor of polyphosphoinositides implied also in cell cycle progression and signal transduction 9 . In immature stage 28 DAP , 4 molecular species of PI m/z 809, 837, 859 and 863 Tables  3 and 4 were revealed in bitter apricot with PI C18:0C18:3 25 compound as major one. At the same stage, there is also a predominance of PI C18:0C18:3 specie 20 for sweet and a PI C16:0C18:3 specie 23 for semi-sweet apricot respectively Table 4 . At full maturity 55 DAP , the content of PI for the three cultivars decreases with an abundance of the same class of PLs such as PI C18:0C18:3 specie with a maximum reached with 15.2 for semisweet apricot AprO Table 4 . The oleic acid C18:2 formed the most abundant molecular species in the two stages of PI fraction. The content of PI reached 22.3 in 28 DAP sweet apricot . However, this latter attempted Table 4 Composition of the different molecular species of phospholipids in Apricot oil kernels of total phospholipids SD a at two different maturity. 38.9 highest value in bitter apricot at full maturity 55 DAP . Differences of content in PG and PI observed, may be explained by the fact that PG and PI were produced from phosphatidate via the same enzymatic complex cytidine diphosphate-diacylglycerol CDP-DAG pathway Fig.  1 10 . We suggest that CDP-DAG was converted preferentially to PI by CDP-DAG rather than PG. This hypothesis agrees with previous results also showing that PI was present in high content in flax 26 .
Molecular species (%)
3.3.4 Phosphatidylethanolamine PE Generally, the membrane of plant tissues contains high levels of Phosphatidylethanolamine or PE. This class of PLs is known to have an interesting antioxidant activity 9 .
In bitter apricot and at immature stage 28 DAP , two major molecular species 740, 744 Tables 3 and 4 were revealed with a predominance of PE C18:1C18:0 compound 12.4 . In the two grafted apricot varieties, the analysis revealed highest levels for PE C18: 0C18:0 11 and PE C18:1C18: 3 19 respectively in semi-sweet and sweet apricots Table 4 . Similarly, at maturity stage 55 DAP , the same molecular specie was predominant PE C18:1C18:0 22.6 in bitter apricot. Otherwise, in the two grafted ones more molecular were revealed especially in sweet one Table 4 such as PE C18:0C18:3 14  and  PE C16:0C18:2 27 identified as main molecular species for semi-sweet and sweet apricots respectively. In apricot oil, α-Linolenic C18:3 , oleic C18:1 and stearic acids C18:0 are the most abundant acids in PE at the two stages of maturity. The sweet one is the richest cultivar on PE fraction at these time-dates Table 4 . With regard to PE results, we did not observe the presence of phosphatidyl serine PS as class PLs fraction in our apricot varieties. This could be explained by the fact that PS may later be decarboxylated to PE by the high activity of phosphatidylserine decarboxylase in apricot oil 24 , or by the absence of both phosphatidylserine synthase. Later and during maturation, PE may be methylated to PC by the action of Nmethyltransferases Fig. 1 . 3.3.5 Phosphatidylcholine PC Phosphatidylcholine or PC is the precursor of bioactive lipid mediators used essentially in the treatment of some neurological liver diseases 9 . Consequently, PC plays a vital role in liver and cell functions and is a substitute to choline chloride which are commonly used in nutritional supplements 30 . At immature stage 28 DAP , the ESI-MS spectra of PC revealed only PC C18:0C18:1 12 specie and PC C18:1C18: 3 13 compound in bitter and sweet apricots respectively. However, at full maturity, a maximum of PC C16:0C18:3 specie 48 was reached in semi-sweet apricot compared to 47 and 40 in bitter and sweet apricots respectively Table 4 . Indeed, apricot especially semi-sweet one is a rich cultivar in PC fraction mainly at full maturity stage Table 4 . The most abundant PC species in all cultivars apricot contain polyunsaturated fatty acids such as α-Linolenic C18:3 and oleic C18:1 acids. Table 1 shows that PC attempt 62 at immature and full maturity stages. Our results are confirmed by Zlatanov and Janakieva 7 on apricot oils with 43 of PC content and in Chinese apricot 6 . Obviously, the predominant molecular species, are those containing the following fatty acids C16:0, C18:3, C18:1 and C18:2. High content of linoleic as w-6 was observed in our samples and is required by humans for various physiological functions 6 . Also, high levels of oleic and linoleic acids in PL classes could have good nutritional implications. Furthermore, the high content of PC in apricot oil concludes that it is an appropriate and convenient phospholipid sources 7 . Consequently, with their high content of PC, bitter and semi-sweet apricots seem to be the most therapeutic apricots and could have beneficial health properties during maturity and especially at full maturity. Additionally, the efficacity of PC containing polyunsaturated fatty acids in the activation of liver metabolism and enhanced memory has been proved 6, 24 .
3.3.6 Lysophosphatidylcholine LPC Leaon 31 reported potential health benefits of Lysophosphatidylcholine LPC . This latter is considered as an important bioactive compound in jojoba meal 31 . During maturity, our results revealed that the major molecular specie was LPC C16:0 specie with highest content reached in sweet apricot 10.6 and bitter one 27 at immature and full maturity stages respectively Table 4 . Since, the LPC is the hydrolysis products of PC by phospholipase A 2 32 . We could suggest that this enzyme was more active in sweet and bitter apricots than in semi-sweet one. Our results at full maturity are slightly similar Table 1 with those reported in the Egyptian apricot seed oils 5 where PC represented the main PL 62 versus 72 and LPC the minor one 7 versus 3 respectively. These minor differences could be explained by the fact that the content of PLs in plants depends on different parameters such as hormones, climatic conditions, edaphic conditions, and genetic differences 3 . However, the differences observed in the content of different classes of GPLs could be the consequence of fatty acid s distribution in GPLs biosynthesis, including acylation and desaturation enzymes activities.
Conclusion
Genetic diversity influenced the FA composition and the molecular species of PLs in the three distinct apricot varieties. The profile of their distributions among maturity was found to differ substantially with different molecular species abundancy. According to the results obtained, in 28 DAP, wild Bargoug apricot represents an interesting profile in PC bioactive compounds. Likewise, at full maturity 55 DAP , semi-sweet Oud Rhayem represents an attractive source in PA, PE and PC classes. It could suggest that Tunisian apricot varieties could be considered at these two time-dates, as a potential natural source of PC for condiments in food industry. As a result, this study could successfully be used in apricot breeding situations, which are a good source of natural bioactive compounds of PC that might be incorporated into functional foods and nutraceuticals industrial applications.
